Asian American and Pacific Islanders (AAPIs) are one of the fastest-growing racial/ethnic groups in the U.S., and currently account for 4.0% (12.5 million) of the total U.S. population. 1 By 2050, AAPIs are projected to account for 11.0% (41 million) of the total U.S. population. [2] [3] [4] However, very few AAPI health studies exist to date; AAPI health studies account for only 0.2% of federal health-related grants (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and very few MEDLINE articles reference AAPIs. 5 AAPIs are socioeconomically diverse and represent more than 49 ethnic groups with more than 100 languages. AAPIs are also socioeconomically and linguistically disadvantaged compared with the non-Hispanic white population, with 14% vs. 8% poverty, 18% vs. 11% uninsured, and 50% vs. 2% limited English proficiency (LEP) rates nationally. 2 AAPIs experience multiple health disparities, includ ing higher prevalence rates of tuberculosis and hepatitis B, than other racial/ethnic groups. [6] [7] [8] [9] They are the only racial/ethnic group in which cancer is the leading cause of death, with higher cancer mortality rates among AAPIs than among other racial/ethnic groups. [10] [11] [12] Despite these statistics, AAPIs are often portrayed as a "model minority" (i.e., an intelligent, hardworking group that has overcome barriers to social mobility and wellness). 13 Existing health data on AAPIs are limited and often represent the group as a whole, masking the documented differences and disparities among the numerous AAPI subgroups. 14 The rapidly growing AAPI population-particularly underserved AAPIs served by America's community health centers [15] [16] [17] -combined with scarcity of data presents a situation of increasing public health concern. In particular, there are currently no national data regarding AAPI service areas in our primary care system to support community health centers (CHCs) and to expand service areas to underserved AAPI counties. CHCs provide high-quality, cost-effective, and culturally appropriate primary and preventive health care to an increasing number of underserved patients-including nearly 450,000 AAPIs 18 -regardless of insurance status or ability to pay. An expansion of health centers is necessary to provide access to the rapidly growing number of AAPIs 17 in many existing and new underserved areas. Identifying these areas of underserved AAPIs is essential for health centers to guide their expansion, as well as for grant writing, program planning, and allocating appropriate government resources for health-care delivery to AAPIs.
Since 1976, the U.S. Department of Health and Human Services (HHS) has used an index to identify medically underserved areas (MUAs) to allocate funding for public health systems, such as CHCs, in areas of greatest need. MUAs are generally defined by the federal government to include areas with a demonstrated shortage of personal health-care services. For MUAs, a composite index of four need indicators is compiled and compared with national means to determine an area's level of medical underservice. An index of medical underservice score is calculated based on the individual area's poverty rate, infant mortality rate, percentage of population aged 65 years and older, and number of primary care physicians per 1,000 population (P-to-1,000P ratio). 19, 20 The criteria for an MUA served as a starting point for developing our medically underserved AAPI county (MUAC) index, an index that is appropriate and relevant for identifying MUAs for AAPIs.
Recently, there has been a proposed rule for the designation of medically underserved populations and health professional shortage areas, with a new index of 12 indicators to assess federal health center designations, 21, 22 which has been a point of concern and contention for safety net health centers across the U.S. Preliminary assessments of the new index's impact on existing federally qualified health centers suggests that this index will adversely impact CHCs, leading to about 20% of CHCs losing their federal health center designation and associated funding. 23 This study provides a national assessment at the county level to identify where AAPIs lack access to primary health care. Along with other studies investigating health-care designation methodologies, 24-28 this analysis could help government agencies and public health workers create new health center infrastructures in areas with health facility needs. The study also contributes to presidential and congressional initiatives to improve the participation of underserved AAPIs in federal programs and to expand the number of people served by health centers. 29, 30 
METHODS

Data sources
We conducted an AAPI health literature and data search to assess relevant AAPI-specific data and indicators. 2, 7, 18, 19 Our proposed MUAC index is new and includes the following indicators: AAPI population, AAPI poverty, AAPI LEP, and P-to-1,000P ratio, obtained from national public datasets. These include the U.S. Census 2000 Summary File 3 for the poverty and LEP data, U.S. Census 2000 Summary File 1 for the population data, and the Bureau of Primary Health Care (BPHC) 2004 dataset for the P-to-1,000P ratio data. 2, 19 The definition of LEP uses the U.S. Census categories of ability to speak, read, and write English less than "very well," as similarly defined by the U.S. Census. The BPHC's concept of MUAs was developed to determine federal budgetary allocations for primary care services; it uses the following definition and weights:
MUA index (with minimum score of 0.0 and maximum score of 1.0)  0.25  % poverty  0.20  population aged 65 years and older  0.26  infant mortality rate  0.29  P-to-1,000P ratio. 19 The BPHC developed weights according to the indicators' pertinence in identifying medical underservice, as defined by an interdisciplinary group of experts in health care and measurement, who rated them in order of importance to determine medical underservice. 31 Of 3,141 counties in the U.S., the available county-level data for AAPI population, AAPI poverty, AAPI LEP, and P-to-1,000P ratio were 3,141; 2,999; 3,005; and 2,301 county cases, respectively. All cases were merged by county level, and 2,191 total county cases contained county-level data for all four indicators. We used these final 2,191 county cases for our analyses.
MUAC index development and analysis
There are several differences between the MUAC and the MUA indexes. The term "MUA" applies to the general population and does not include criteria that are critical for AAPIs, such as LEP. Data for infant mortality rates are unavailable for the AAPI population nationally at the county level and, therefore, are unavailable for use in the MUAC index. We assessed total AAPI population rather than the AAPI population aged 65 years and older, as AAPI populations account for only 4% of the total U.S. population and assessing only this advanced-age population would not adequately capture underserved AAPI concentrations across the U.S. 3 In addition, more than two-thirds of AAPIs are foreign-born, and they tend to be younger than the general U.S. population. 1 Finally, instead of giving equal weight to each indicator, we assigned varying weights that more adequately reflect the current U.S. population health contexts, with AAPI poverty assigned the most weight followed by AAPI LEP, AAPI population, and P-to-1,000P ratio. This weighting method ensured that the indicators that were more critical in predicting health status for underserved AAPIs were given more magnitude.
First, we assigned percentage of AAPI poverty at the highest weight of 0.40/1.00 given the evidence that it represents the most important determinant of population health in relation to the other three indicators. Poverty has been a global standard in measuring access barriers to needed health resources and is highly associated with access and health utilization. 32 AAPIs living in poverty, in particular, have been a rapidly growing, neglected group because of the model minority myth 13 and the lack of AAPI data. 5 The percentage of AAPIs who have LEP was assigned the next-highest weight of 0.25. LEP has represented one of the greatest barriers to health-care access for AAPIs. 33 Communication challenges due to language barriers are a common reason for AAPIs to avoid health services. 34 In addition, approximately 35% of AAPIs live in linguistically isolated households (defined as a household in which no one aged 14 years or older can speak English "very well"). Disaggregating these data reveals more significant numbers: 61% of Hmong, 56% of Cambodian, 44% of Vietnamese, 41% of Korean, and 40% of Chinese households are linguistically isolated. 2 LEP patients are also less likely to be given follow-up appointments, to take prescribed medication, 35 to appear for follow-up appointments, 34 and to participate in health-care programs for which they are eligible. [36] [37] [38] [39] We assigned percentage AAPI population a weight of 0.20. In general, regions with the highest concentrations of AAPIs also tend to be regions with the most ethnic enclaves where many underserved AAPIs reside. [40] [41] [42] In contrast with the federal MUA index, we assigned the P-to-1,000P ratio variable with the lowest weight of 0.15 because it is not an AAPI-specific indicator. Adequate provider supply has been shown to be an important factor in morbidity and mortality. 43 In addition, the fewer providers there are in an area, the less likely a person will be to have access to health-care services.
Overall, the MUAC index is designed to provide a method appropriately tailored to capture the underserved AAPI population. The final index is as follows:
After finalizing the index, we applied the MUAC index to identify the AAPI underserved counties. An additional staff person independently downloaded the data and double-checked a random sample of 1% of the data from each variable. We merged data from the U.S. Census and BPHC using the geographic county variable. We eliminated county cases without all four data points (n950) for each of the indicators, which left 2,191 county cases for our final analysis. We conducted an analysis of the 950 counties that were eliminated and found that the mean AAPI population in these counties was less than 1% and reflects the U.S. Census policy of reporting data only for areas with more than 100 people (to protect people's confidentiality). It also reflects the broad unavailability of BPHC provider supply data. The means for each of the indicators of the excluded counties were 0.7% AAPI population (n950), 14.6% AAPI poverty (n808), 30.8% AAPI LEP (n814), and 0.2% P-to-1,000P ratio (n110). The states with the most excluded counties were Georgia (n80) and Missouri (n79).
We determined the total underserved standard score for the MUAC index by summing individual standard scores or weights for each of the four indicators. The percentage AAPI poverty underserved standard score (11.4 ) was based on the U.S. Census guidelines, which define a poverty area as one in which at least 20% of the population lives in poverty. 2 The percentage AAPI LEP underserved standard score (15.9) was defined as three standard deviations (SDs) above the percentage LEP mean for the total U.S. county population (15.1%). The percentage AAPI population standard weighted score (5.5) was defined as one SD above the mean for percentage total U.S. minority or nonwhite population (36.5%). The P-to-1,000P ratio standard score (12.8) was based on HHS guidelines 19 stating that a ratio of 1:3,500 or greater is defined as an underserved primary care service region. We used the designated weights for the four variables and calculated the underserved standard weighted scores for these variables. The sum of these underserved standard weighted scores provided the total MUAC index standard score (Table 1) to make comparisons of medically underserved AAPI status across counties. The final MUAC index scale ranged from 0 to 100 (where 0  most underserved and 100  least underserved).
The last column in Table 1 shows the weighted underserved value for each variable. These numbers determine the underserved area status across counties for each indicator. For example, if a county has a P-to-1,000P ratio weighted value less than 12.75 (indicating having less than one primary care physician per 3,500 population), then the county would be considered an underserved area in terms of the number of primary care physicians serving the county population. A mean of 13.8% of AAPIs across counties nationally were living in poverty. The mean P-to-1,000P ratio was 0.40, which is equivalent to about one primary care physician for every 2,500 population.
The total of these four weighted underserved values provided the MUAC index score of 45.5. Thus, any county nationally with a score equal to or below that number would be defined as an AAPI MUA. We also identified severe MUACs based on an MUAC index score of 28.7-one SD below the MUAC index score. The mean MUAC index score across counties nationally was 67.1 (SD16.7).
To facilitate visual presentation, we used geographic information system software to display the MUACs. The software's ability to display complex visual data facilitated the analysis of relations of health variables, which are useful for understanding and monitoring health care. 44 We identified the top five counties with both the lowest MUAC index scores and the largest AAPI populations. We also compared our MUACs with those identified by the national BPHC MUA data (described previously) and the unserved counties developed by the National Association of Community Health Centers. Unserved counties are defined as those with more than 35.3% of residents living below 200% of the federal poverty level and lacking a CHC. 45 
RESULTS
Based on the MUAC index, we identified 266 (12.1%) MUACs nationally (n2,191) ( Figure) , with Aleutians East, Alaska, as the most underserved county (MUAC index  9.1) and Pierce, North Dakota, as the least underserved county (MUAC index  98.2). We classified 16 (0.1%) counties as severely medically underserved. Among the severely medically underserved counties, Philadelphia, Pennsylvania, had the highest number of AAPIs (n68,383).
Comparison with national MUA indexes
Nationally, 138 (51.9%) of the 266 MUACs were not designated as federal BPHC MUACs. Of these 138 MUACs not identified in the federal MUA index, 20 (14.5%) counties had an AAPI population of at least 10,000, and 29 (21.0%) counties had an AAPI population of at least 5,000. Counties consisting of at least 5,000 AAPIs had a mean MUAC index score of 38.8, well below the MUAC index standard score of 45.5. The mean AAPI poverty and LEP rates for these counties were 28.5% and 44.6%, respectively.
Further analysis of the profiles of these 29 MUACs excluded from the BPHC MUA designations revealed regional patterns. Nine of these counties were located in California and five were in New York. Philadelphia had the lowest MUAC index score of 28.4, with more than 68,000 AAPIs, a 29.8% poverty rate, a 50.4% LEP rate, and only a 0.07 P-to-1,000P ratio (approximately 14,300 population per one primary care physician). Suffolk, Massachusetts, followed with the second-lowest MUAC index score (31.0), with an AAPI population of close to 49,000, a 30.4% poverty rate, a 52.1% LEP rate, and a 1.10 P-to-1,000P ratio (approximately 910 population per one primary care physician). The county with the largest AAPI population in this group was Queens, New York, with a population of almost 400,000. Butte, California, had the highest AAPI poverty rate at 48.8% (data not shown), and Kings, New York, had the highest LEP rate at 60.3%. (See Table 2 for further details about high-risk AAPI counties.) Examples of MUACs that overlapped with MUAs included Aleutians East, Alaska (MUAC index  9.1), and Vermillion Parish, Louisiana (MUAC index  31.3) (data not shown).
We compared the 138 MUACs not identified in the federal BPHC MUA index with the National Association of Community Health Centers' designations of unserved counties. Thirty-two of the 138 total MUACs (23.2%) overlapped with the National Association of Community Health Centers' unserved counties, with a mean MUAC index score of 37.6, a mean AAPI population of 1,069, a mean AAPI poverty rate of 39.2%, a mean AAPI LEP rate of 41.3%, and a 0.46 P-to-1,000P ratio (or approximately 2,174 population per one primary care physician). Of these 106 MUACs that did not match the federal MUA or National Association of Community Health Centers unserved county designations, St. Louis, Missouri, had the largest AAPI population (6,985), with an MUAC index score of 44.2, an AAPI poverty rate of 22.7%, an AAPI LEP rate of 51.2%, and a 1.17 P-to-1,000P ratio (or approximately 855 population per one primary care physician). Centre, Pennsylvania, had the second largest AAPI population (5, 467) , with an MUAC index score of 41.2, an AAPI poverty rate of 36.1%, an AAPI LEP rate of 34.8%, and a 0.48 P-to-1,000P ratio (approximately 2,080 population per one primary care physician).
MUACs with the largest AAPI populations
The five MUACs with the largest AAPI populations across the nation were located in California and New York. Among these five MUACs, San Francisco, Cali-fornia, was the most underserved and ranked in the first percentile across the nation, with an MUAC index score of 33.1, a 51.6% AAPI LEP rate, and a 0.06 P-to-1,000P ratio (approximately 16,600 population per one primary care physician). Kings, New York, was the second most underserved county, with an MUAC index score of 33.7, a 26.0% AAPI poverty rate, and a 60.3% AAPI LEP rate-the highest LEP rate among the top five MUACs. Alameda, California; New York, New York; and Queens, New York, followed closely behind.
DISCUSSION
This study identified major medically underserved AAPI counties on a national level and complements federal efforts to identify MUAs for new or existing health center expansions. It also provides a preliminary and innovative assessment of U.S. counties needing new and expanded community health services for AAPIs. This study also contributes to federal initiatives to improve participation of AAPIs in federal programs and to expand the number of people served by CHCs.
Efforts to identify AAPI MUAs are more critical than ever, given the new Proposed Rule 22, 46 and its potential impact on current and future CHCs that serve the rapidly growing medically underserved AAPIs across our nation. The new proposed health status and demographic measures do not appreciate the unique health and social factors that greatly affect AAPIs and other special populations. For AAPIs, one particular measure of social vulnerability to consider is data on LEP, which are available from the U.S. Census at the Census tract level. 23 Overall, national guidelines from the Office of Management and Budget for tracking health and social indicators among AAPIs and other special populations across federal agencies need to be enforced and adhered to, so that medically underserved AAPIs are not excluded from the safety net simply due to lack of data. 47 The proposed changes to the identification and designation of medically underserved populations and health professional shortage areas may be flawed for three major reasons. The first is that the proposed methodology was not developed in collaboration with an adequate sample of health centers and other relevant stakeholders. The Health Resources and Services Administration (HRSA) should engage these entities to establish a more appropriate methodology that does not negatively impact medically underserved populations and the health centers that serve them. The second concern is that the rule eliminates measures that are unique to CHCs serving special populations, such as those with LEP. This measure is of particular concern to CHCs serving AAPIs, as 35% of AAPIs live in linguistically isolated households and some ethnic groups (e.g., Hmong) have LEP rates as high as 61%. 2 Finally, the changes include provisions that would make it extremely difficult for many CHCs that are currently in medically underserved populations/health professional shortage areas and serve medically underserved patients to retain their designation. 23 Approximately 30% (n1,100) of health center service areas would lose their designation with the proposed changes. 48 Without these considerations, the proposed changes neglect the unique needs of many minority populations served by CHCs. As the number of uninsured people continues to rise, the CHC program is more vital than ever to this country's safety net. Due to these concerns, the proposed changes should be withdrawn. It is instead recommended that HRSA enter into a negotiated rule-making process in collaboration with CHCs and other stakeholders, taking into consideration the implications for identifying MUAs for AAPIs identified in this study.
In this study, we have provided a national countylevel assessment and identified major MUACs. Results suggest the need to look more closely at the presence and location of existing services, whether they adequately target AAPIs, and areas of growth required to meet higher needs (e.g., in San Francisco). The model minority myth, diversity of languages, relative population size, and other socioeconomic characteristics may have led to the neglect of these medically underserved AAPI communities. MUACs identified clearly lack adequate primary care and other community services to support underserved AAPIs. Additional health center resources and culturally competent primary care providers are needed to adequately serve this population. However, the county-level data may be too broad, and we suggest the need for additional 
Limitations
This study had several limitations. First, it was limited by the lack of AAPI data publicly available at the county level. The MUAC index could be improved with more and better public data for AAPI health. Second, AAPI poverty may be confounded with total AAPIs, because low-income AAPIs tend to be concentrated in larger AAPI areas that may have a higher cost of living, thus possibly underestimating the number of AAPIs living in poverty. Third, census block, state, and other levels of analysis could complement this work and should be examined in future studies. For example, because of the large size of the identified MUACs, more research is needed to further delineate the need for new and expanded CHCs within the counties.
Fourth, although we identified 138 MUACs that did not overlap with BPHC MUACs, it should be noted that BPHC also uses health professional shortage areas or medically underserved populations in addition to MUA designations, so that special populations such as AAPIs can obtain a medically underserved population designation. However, unlike the MUA designation, this process is not formalized and burdens health centers to provide the data to obtain designation.
Fifth, units smaller than county levels, such as census tracts, may have been designated as BPHC MUAs. Thus, the comparison may not be on the same level and requires further examination. However, this also may reflect the BPHC MUA index limitations of not adequately capturing underserved AAPI regions and the need for federal health programs to reexamine the regional primary care resource allocation needs for medically underserved AAPIs. Overall, comprehensive community-and national-level assessments will be critical to better evaluate and address the wide AAPI socioeconomic and health disparities across our nation.
CONCLUSION
This study complements federal efforts to identify MUAs for new or existing health center expansion and provides a preliminary and innovative assessment of U.S. counties needing new and expanded community health services for underserved AAPIs. Our findings contribute to the presidential and congressional initiatives to improve participation of AAPIs in federal programs and to expand the number of people served by CHCs.
As part of the President's initiatives to double the number of CHCs 21 and to expand CHCs to every poor county in America, 23 the BPHC seeks information on priority areas to expand CHCs. These results can be used by policy makers not only to expand health-care services, but also to develop programs and services to improve health-care access for AAPIs. The information provided also can complement the BPHC's MUA designations (new or old) to help address and prioritize new health center budgetary allocations and expansion areas for AAPIs across the U.S.
